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ABSTRACT 

I n  1986 t h e  A laska  Department o f  F i s h  and Game, D i v i s i o n  o f  Commercial 
F i  s h e r i  es mon i to red  t h e  sockeye salmon (Oncorhynchus nerka) smol t o u t -  
m i g r a t i o n  and escapement a t  t h e  F razer  Lake f i shpasses ,  and conducted 
escapement surveys o f  t h e  l a k e  shoals  and i n l e t  streams. 

The sockeye smo l t  o u t - m i g r a t i o n  occur red  f rom mid-May th rough  t h e  end o f  
June. Peak movements occur red  i n  l a t e  May and e a r l y  June. Nea r l y  a l l  (94%) 
t h e  smo l t  were age 2.0. The age-2.0 smo l t  averaged 98 mm i n  l e n g t h ,  7.4 g 
i n  weight ,  and 0.79 i n  c o n d i t i o n .  The age-1.0 and age-2.0 smo l t  i n  1986 
were above average i n  l eng th ,  weight ,  and c o n d i t i o n  than  t h e  smo l t  produced 
f rom t h e  1980-82 pa ren t  escapements which annua l l y  averaged about 400,000 
f i s h .  The improvement i n  smol t  q u a l i t y  was a t t r i b u t e d  t o  t h e  s i z e  o f  t h e  
pa ren t - yea r  escapements which were 53,524 f i s h  f o r  t h e  age-1.0 f i s h  and 
158,340 f i s h  f o r  t h e  age-2.0 f i s h .  

The Frazer  Lake r u n  t o t a l e d  178,205 sockeye salmon. The c a t c h  was 41,652 
f i s h ,  w h i l e  t h e  escapement th rough  t h e  Dog Salmon Creek w e i r  was 136,553 
f i s h .  The escapement th rough  t h e  Frazer  Lake f i shpass  was 126,529 f i s h .  The 
m a j o r i t y  (93%) o f  t h e  escapement m ig ra ted  th rough  t h e  f i shpasses  i n  t h e  
f i r s t  t h r e e  weeks o f  J u l y .  The escapement was 13.5% 4-year -o lds ,  5.7% 5- 
yea r -o l ds ,  and 79.6% 6 -yea r -o l ds .  Most o f  t h e  r u n  was produced f rom t h e  
1980 p a r e n t  yea r  escapement. The male t o  female r a t i o  i n  escapement was 
0 .6 : l .  The average sockeye l e n g t h  i n  t h e  escapement was 541 mm. 

Sockeye spawning peaked i n  August on t h e  F razer  Lake shoa ls  and i n  t h e  l a k e  
i n l e t  streams. Most o f  t h e  escapement spawned i n  P i n n e l l  Creek and l a k e  
shoal areas. Bear p r e d a t i o n  was heav ies t  on i n l e t  s t ream spawners. 
Approx imate ly  8% o f  t h e  escapement i n t o  F razer  Lake was k i l l e d  by bears  a t  
P i n n e l l  Crek. 

KEY WORDS: F razer  Lake, sockeye, i n t r o d u c t i o n ,  smol t, escapement, 
f i  shpass, spawning surveys, Kodi ak, bear 



INTRODUCTION 

Frazer  Lake, l o c a t e d  on t h e  southern end o f  Kodiak I s l a n d ,  i s  t h e  second 
l a r g e s t  l a k e  on t h e  Kodiak Arch ipe lago (F igure  1) .  The l a k e  covers 4,200 
acres and i s  8.6 mi l o n g  and 0.8 mi wide. It has a  mean depth o f  108.9 ft 
and a  maximum depth o f  193.2 ft. The p r i n c i p a l  i n l e t  stream i s  P i n n e l l  
Creek which e n t e r s  t h e  l a k e  a t  t h e  west end. The o u t l e t  stram, Dog Salmon 
Creek, i s  a t  t h e  eas t  end o f  t h e  l a k e  and f l ows  sou theas te r l y  8.0 m i  t o  
where i t  e n t e r s  lower  Olga Bay. A  n a t u r a l ,  3 0 - f t  h i g h  f i s h  b a r r i e r  f a l l s  
occurs on Dog Salmon Creek 0.6 m i  below t h e  o u t l e t  o f  F razer  Lake. 

Sockeye salmon (Oncorhynchus nerka) were f i r s t  i n t roduced i n t o  F razer  Lake 
i n  1951 s t a r t i n g  w i t h  an egg p l a n t  (Russel l  1972, B l a c k e t t  1979). For t h e  
nex t  20 years  (1952-1971) a  combinat ion o f  egg, f r y ,  and a d u l t  t r a n s p l a n t s  
were used t o  develop t h e  popu la t i on .  From 1951 through 1956 egg p l a n t s  were 
made f rom t h e  K a r l u k  Lake e a r l y  r u n  spawners; i n  1958 and f r om 1961 through 
1969 a d u l t s  f rom e a r l y  r u n  Red Lake escapements were in t roduced;  i n  1961, 
1966 and f rom 1968 through 1971 f ry  f rom t h e  Red Lake e a r l y  r u n  were 
in t roduced;  and i n  1968 eggs f rom Becharof Lake o u t l e t  spawners were 
t r a n s p l  anted t o  t h e  system. A1 though severa l  brood s tocks  were i ntroduced 
i n t o  t h e  system, i t  i s  n o t  known which s tock  c o n t r i b u t e d  t h e  most t o  t h e  
success o f  t h e  sockeye i n t r o d u c t i o n .  

The f i r s t  F razer  Lake sockeye r u n  occurred i n  1956. That same yea r  and 
th rough 1962 t h e  r e t u r n i n g  f i s h  were back-packed over  t h e  f a l l s  t o  t h e  
l a k e .  The f i r s t  f i shpass  a t  t h e  f a l l s  was i n s t a l l e d  i n  1962 (Ziemer 1962), 
and a  second f i shpass  was added i n  1979 ( B l a c k e t t  1987). I n i t i a l l y  t h e  
i n t r oduced  p o p u l a t i o n  responded w e l l  t o  t h e  combinat ion o f  conse rva t i ve  
management and t h e  new h a b i t a t  as t h e  escapements b u i l t  f rom fewer than  
25,000 f i s h  be fo re  1971, t o  55,000 - 83,000 f i s h  d u r i n g  1971-75, t o  119,000 
- 142,000 f i s h  d u r i n g  1976-79, and t o  378,000 - 430,000 f i s h  d u r i n g  1980- 
82. However i n  t h e  l a s t  4  years  t h e  p o p u l a t i o n  has d r a m a t i c a l l y  f l u c t u a t e d  
w i t h  escapements rang ing  f rom fewer than 54,000 f i s h  i n  1984 t o  more than 
485,000 f i s h  i n  1985. 

Frazer  Lake sockeye salmon a re  harvested i n  commercial g i l l  n e t  and se ine 
f i s h e r i e s  i n  June and e a r l y  J u l y  ope ra t i ng  a t  t h e  south-end o f  Kodiak 
I s l and .  The r u n  i s  managed on escapement counts ob ta ined  a t  t h e  Dog Salmon 
Creek w e i r  l o c a t e d  0.3 m i  above lower  Olga Bay and a e r i  a1 counts  o f  sockeye 
salmon s t a g i n g  i n  t h e  c losed-waters  area a t  t h e  mouth o f  Dog Salmon Creek. 
The escapement i s  re-counted a t  f a l l s  f o r  a  back-up aga ins t  wash-out o f  t h e  
Dog Salmon Creek w e i r  and f o r  a  more p r e c i s e  measure o f  t h e  escapement 
r each ing  Frazer  Lake. 

B l a c k e t t  (1979) es t imated  t h a t  Frazer  Lake had s u f f i c i e n t  r e a r i n g  c a p a c i t y  
t o  suppor t  t h e  f r y  produced f rom a  400,000 f i s h  escapement and a  spawning 
area c a p a c i t y  f o r  a  383,000 f i s h  escapement. Ky le ,  Koenings, and B a r r e t t  
( i n  press)  suggest t h a t  Frazer  Lake i s  r e a r i n g  l i m i t e d ,  and t h a t  n o t  o n l y  
a re  fewer spawners needed t o  match t h e  r e a r i n g  capac i t y  o f  t h e  l a k e  b u t  
t h a t  t h e  400,000 range escapements have adverse ly  a f f e c t e d  t h e  r e a r i n g  
c a p a c i t y  o f  Frazer  Lake. C u r r e n t l y  t h e  F i s h e r i e s  Rehabi l  i t a t i o n ,  
Enhancement and Development (FRED) D i v i s i o n  i s  cons ide r i ng  f e r t i l i z i n g  



Frazer  Lake t o  rehabi l  i  t a t e  t h e  r ea r ing  environment ( J .  P .  Koenings, A1 aska 
Department of Fish and Game, Soldotna, personal communication). 

In 1986 t h e  Frazer  Lake f i s h p a s s  operat ion was t r a n s f e r r e d  from t h e  F R E D  
Divis ion t o  t h e  Divis ion of Commercial F i she r i e s  ( C F ) .  The c u r r e n t  goal i s  
t o  manage t h e  Frazer  Lake system f o r  optimal sockeye product ion which 
inc ludes  s e t t i n g  an escapement ob jec t ive  t h a t  i s  i n  balance with t h e  l a k e ' s  
r e a r i n g  capac i ty  and t o  accu ra t e ly  f o r e c a s t  annual r e t u r n s .  The bas i c  d a t a  
requi red  t o  determine optimum escapement and t o  f o r e c a s t  r e t u r n s  inc ludes  a 
t ime s e r i e s  of d a t a  covering: escapements and ca t ches ;  escapement age, 
l eng th ,  and sex compositions; smolt age, l eng th ,  and weight;  and spawner 
d i s t r i b u t i o n .  

This  r e p o r t  addresses  t h e  1986 f i e l d  work by t h e  Divis ion of  Commercial 
F i s h e r i e s  a t  Frazer  Lake and includes a compilation of t h e  h i s t o r i c  ca t ch ,  
escapement, and smol t d a t a  ava i l  ab l e  on t h e  system. 

METHODS 

A downstream migrant ,  i nc l ined  plane t r a p  as  descr ibed by Mesiar (1986) was 
operated behind t h e  lower a d u l t  salmon d ive r s ion  weir from 17 May through 
11 J u l y  (Figure 2 ) .  The t r a p  was f i shed  in  two l o c a t i o n s .  From 17 May 
through 2 June t h e  t r a p  was pos i t ioned  between weir  unipods 5 and 6 ,  and 
from 3 June through t h e  end of t h e  season i t  was pos i t ioned  i n  r e l a t i v e l y  
s w i f t e r  water  between unipods 6 and 8. On 3 June t h e  t r a p  was a l s o  
o u t f i t t e d  with 1 3 - f t  l eads  t o  i nc rease  t r a p  e f f i c i e n c y .  The t r a p  was 
checked severa l  t imes d a i l y  f o r  proper  opera t ion  and ca t ch .  A11 captured 
f i s h  were enumerated by spec i e s  and r e l eased .  A t o t a l  of 220 sockeye smolt 
were sampled weekly f o r  age, l eng th ,  and weight.  Each weekly sample was 
taken from a s i n g l e  days ca tch .  To ensure random s e l e c t i o n ,  t h e  t r a p  
con ten t s  were s t i r r e d  before any f i s h  were removed. A small mesh d i p  n e t  
was used t o  remove t h e  smolt from t h e  t r a p  t o  w a t e r - f i l l e d  5-gal p l a s t i c  
buckets.  Anesthet ized with MS-222, t h e  smol t were measured t o  t h e  nea re s t  
mm from t ip -o f - snou t  t o  f o r k - o f - t a i l ,  weighed t o  t h e  nea re s t  0.1 g ,  and age 
sampled by removing 5-10 s c a l e s  from t h e  p re fe r r ed  a rea  (INPFC 1963).  The 
smolt s c a l e s  were mounted on g l a s s  s l i d e s  and subsequently viewed f o r  age 
determinat ion with a s tandard microfiche r eade r .  

A concre te  smolt t r a p  loca ted  a t  t h e  south end of  t h e  lower d ive r s ion  weir 
was operated concurren t ly  with t h e  inc l ined  plane t r a p  from 17 May through 
11 J u l y  (Figure 2 ) .  To in su re  water flow and t o  channel out-migrant  f i s h  
i n t o  t h e  concre te  t r a p ,  30 f t  of 5 - f t  wide visqueen was l a i d  a g a i n s t  t h e  
upstream f a c e  of t h e  lower a d u l t  weir beginning a t  t h e  o f f sho re  end of t h e  
t r a p  mouth. An i l l u s t r a t i o n  of t h e  concre te  t r a p  i s  i n  Eaton (1967). 
Through t h e  season t h e  t r a p  was checked d a i l y  f o r  ca tch  and proper 
opera t ion .  All f i s h  caught were enumerated by spec ies  and r e l eased .  

All smol t ca tches  were logged t o  t h e  r e spec t ive  t r a p  by sampling day. A 
sampling day encompassed a 24-h period extending from noon t o  noon and was 
i d e n t i f i e d  a s  t h e  ca lendar  d a t e  corresponding t o  t h e  f i r s t  12 h of  t h e  
sampl i  ng day. 



Smol t c o n d i t i o n  f a c t o r  was ca l cu la ted  by the  formula: K = w ( ~ o ~ ) / L ~ ,  where 
W equals weight i n  grams and L  equals l eng th  i n  m i l l i m e t e r s .  

A l l  ages were repor ted  i n  European n o t a t i o n  (e.g., 2.3, where the  f i r s t  
d i g i t  i s  the  number o f  f reshwater annu l i ,  t h e  second d i g i t  preceded by a  
pe r iod  i s  t he  number o f  marine annu l i ,  and the  t o t a l  age i s  t h e  summation 
o f  t he  f i r s t  and second d i g i t s  p l u s  one). Samples were summarized by 
s t a t i s t i c a l  week. (A s t a t i s t i c a l  week i s  a  7-day pe r iod  s t a r t i n g  a t  0000 
hours Sunday and ending on 2400 hours Saturday. Each s t a t i s t i c a l  week i s  
sequen t ia l l y  numbered beginning from the  f i r s t  Sunday i n  January.) .  A l i s t  
o f  t he  1986 s t a t i s t i c a l  weeks and corresponding calendar dates are prov ided 
i n  Appendix A. 

The lower a d u l t  we i r  associated w i t h  the  f ishpasses was i n s t a l l e d  on 17 May 
and kept  f i s h - t i g h t  f o r  a d u l t  salmon through 18 August (F igure  2 ) .  The 
f ishpasses were operated from 21 June t o  18 August. A d e s c r i p t i o n  o f  the  
f ishpasses f a c i l i t y  i s  i n  B lacke t t  (1987). Adu l t  salmon ascending the  
f ishpasses were counted a t  t he  top  e x i t  pool.  There observers used hand- 
he ld  t a l l y  counters t o  record  the  species counts and wore p o l a r i z e d  glasses 
f o r  improved v i s i b i l i t y .  The e x i t  pool gate was kept  open w h i l e  f i s h  were 
being counted. At  l e a s t  f o u r  counts were taken d a i l y .  A  t o t a l  o f  235 f i s h  
were sampled weekly from the  escapement f o r  age, length ,  and sex. The 
weekly sampling was conducted a t  the  e x i t  pool over a  1-2 day p e r i o d  t h a t  
depended on f i s h  and o r  s t a f f  a v a i l a b i l i t y .  The t a k i n g  o f  age, length ,  and 
sex da ta  from these l i v e  a d u l t  salmon fo l lowed methods descr ibed by 
McGregor, McPherson, and C lark  (1984). A  standard m ic ro f i che  reader was 
used t o  determine f i s h  ages. 

Fishpass eva lua t i on  da ta  were c o l l e c t e d  from 2  J u l y  through 19 Ju l y .  
Per iod ic ,  15-min counts were made o f  the  number o f  f i s h  en ter ing ,  e x i t i n g ,  
and dropping out  o f  t he  respect ive  o l d  (1962) and new (1979) f ishpasses. 
The counts were made by a  person count ing a t  t he  entrance w h i l e  another 
person counted simultaneously a t  t he  e x i t  tank a t  t he  top  o f  t h e  f ishpass.  

Escapement surveys o f  Frazer Lake i n l e t  streams, except P i n n e l l  Creek, were 
conducted nea r l y  weekly from 26 J u l y  through 19 August. The surveys were 
conducted on f o o t  by observers wearing po la r i zed  glasses and us ing  hand- 
h e l d  t a l l y  counters. L i ve  and dead f i s h  by species were counted separate ly .  
I n  a d d i t i o n  t o  f i s h  counts, stream v i s i b i l i t y ,  and d is tance surveyed were 
recorded on a  standard form f o r  each survey. P inne l l  Creek and t h e  shore 
area o f  Frazer Lake were surveyed tw ice  in-season from f i x e d  wing a i r c r a f t  
us ing  the  enumeration procedures as above. 

Escapement age composit ion and associated standard e r r o r s  were computed by 
s t a t i s t i c a l  week. By age escapements w i t h i n  a  s t a t i s t i c a l  week were 
determined by mu1 t i p l y i n g  the  s t a t i s t i c a l  week's p ropo r t i on  f o r  a  
p a r t i c u l a r  age by the  escapement o f  t h a t  week. Standard e r r o r  o f  t he  
est imate f o r  a  p a r t i c u l a r  age w i t h i n  a  s t a t i s t i c a l  week was determined by 
t a k i n g  the  square r o o t  o f  the  var iance as g iven by Cochran (1977, equat ion 
3.12 w i thou t  t h e  f i n i t e  popu la t ion  c o r r e c t i o n  f a c t o r ) .  Standard e r r o r  
prov ides a  measure o f  the  r e l a t i v e  accuracy o f  t he  est imate bu t  i s  no t  
va l  i d  f o r  conf idence i n t e r v a l  s. No standard e r r o r s  were ca l  cu l  a ted across 
s t a t i s t i c a l  weeks. Tota l  escapement by age across s t a t i s t i c a l  weeks was 
obta ined by simple summation. 



Mean l e n g t h s  o f  t h e  escapement by age and sex were computed f rom an 
unweighted composite o f  t h e  weekly samples. Sex composi t ion was es t imated  
by s t a t i s t i c a l  week. 

D a i l y  smol t catches, d a i l y  escapement counts,  and t h e  peak spawning ground 
counts g r a p h i c a l l y  presented i n  t h i s  r e p o r t  were smoothed by t h e  von Hann 
1 i n e a r / f  i 1 t e r  method (BMDP 1981). 

Brown bear p r e d a t i o n  on sockeye salmon a t  P i n n e l l  Creek was c a l c u l a t e d  
us ing  s tandard methodology descr ibed  by Cousens e t  a1 . (1982) and Johnson 
and B a r r e t t  (1986) f o r  e s t i m a t i n g  escapement f rom spawning ground counts.  
I n  a p p l i c a t i o n  o f  t h e  methodology, expanded bear counts  f rom t h e  U.S. F i s h  
and W i l d l i f e  Se rv i ce  (USFWS) a t  Kodiak, were s u b s t i t u t e d  f o r  f i s h  counts  t o  
g e o m e t r i c a l l y  generate a bear abundance curve. The expanded counts  assume 
t h a t  o n l y  o n e - t h i r d  o f  t h e  bears p resen t  were observed d u r i n g  an a e r i a l  
surveys (V.G. Barnes, Kodiak Na t i ona l  W i l d l i f e  Refuge, Kodiak, personal  
communication). The area under t h e  bear abundance curve  p rov ided  an 
es t ima te  o f  t h e  number o f  bear days a t  P i n n e l l  Creek. Wi th  t o t a l  number o f  
bear days ca l cu la ted ,  two es t imates  o f  t h e  number o f  f i s h  k i l l e d  were 
determined by app l y i ng  minimum and maximum per -bear  consumption r a t e s  o f  
f i v e  and 10 f i s h  p e r  day. The consumption r a t e s  a re  based on USFWS s t u d i e s  
( V .  G .  Barnes, Kodiak Nat iona l  Wi ld1 i f e  Refuge, Kodiak, personal  
communication). 

RESULTS AND DISCUSSION 

I n  1986 sockeye smol t  m ig ra ted  f rom Frazer  Lake f rom mid-May th rough t h e  
end o f  June (weeks 20-27) based on t r a p  catches (F igu re  3 ) .  The peak 
m i g r a t i o n  occur red  i n  l a t e  May and e a r l y  June (weeks 21-23). 

A t o t a l  o f  29,081 sockeye smol t  were caught i n  t h e  two t r a p s  operated below 
t h e  f a l l s  a t  t h e  Frazer  f i shpass .  The i n c l i n e d  p lane  t r a p  was more 
e f f i c i e n t  as i t accounted f o r  83% o f  t h e  t o t a l  ca t ch  (Appendix B.2 and 
B.3). The d a i l y  catches i n  t h e  two t r a p s  were o n l y  p o o r l y  c o r r e l a t e d .  For 
example f rom 17 May through 2 June t h e r e  was no c o r r e l a t i o n  ( r 2  = 0.00), 
and a f t e r  2 June when t h e  i n c l i n e d  p lane  t r a p  was r e l o c a  ed and f i s h e d  w i t h  
leads  t h e  t r a p  catches were o n l y  s l i g h t l y  c o r r e l a t e d  ( r b  = 0.32). The l a c k  
o f  c o r r e l a t i o n  i n  t h e  t r a p  catches f rom 17 May th rough 2 June can be 
a t t r i b u t e d  t o  h i g h  v a r i a b i l i t y  assoc ia ted  w i t h  ext remely  low ope ra t i ona l  
success o f  each t r a p .  Th i s  became apparent i n  l a t e  May when t h e  crew 
n o t i c e d  p a r t i c u l a r l y  1 arge concent ra t ions  o f  smol t dropp ing  over  t h e  f a1  1 s 
w i t h o u t  apprec iab le  inc rease  i n  t h e  smol t  ca tch  i n  e i t h e r  t r a p .  To improve 
ca t ch  e f f i c i e n c y ,  t h e  i n c l i n e d  p lane  t r a p  was r e l o c a t e d  t o  a s i t e  w i t h  
f a s t e r  v e l o c i t y  water  and f i t t e d  w i t h  a lead.  Th i s  was accomplished on 3 
June and t h e  ca t ch  went f rom 56 smol t  on 2 June t o  1,146 smol t  on 3 June 
(Appendix B.2). The concrete t r a p  was n o t  a1 t e red .  

Four age c lasses  o f  sockeye smol t  ou t -m ig ra ted  f rom Frazer  Lake i n  1986 
(Tab1 e 1 and Appendix B) . Most o f  t h e  smol t were e i t h e r  age 1.0 (5.6%) o r  
age 2.0 (94.3%) f rom t h e  r e s p e c t i v e  1984 and 1983 paren t  yea r  escapements. 
The dominance o f  age-2.0 smol t over  age-1 .0 smol t i s  n o t  unusual . Age-2.0 
smol t  have been dominant f o r  10 o f  t h e  21 years  sampled. S u r v i v a l  o f  age- 



2.0 smolt is usually higher than for age-1.0 smolt. The average parent 
escapement return (1965-1981) has been 67% age-2.0 and 32% age-1.0 fish 
indicating that age-2.0 smolt survival is greater in the marine environment 
than among the age-1.0 smolt (Appendix 8.3). In 1986, the age composition 
of the smol t changed re1 atively 1 i ttl e between adjacent statistical weeks 
(Appendix B). However age-1.0 smolt did become slightly more abundant as 
the out-migration progressed, while at the same time age-2.0 smol t became 
less abundant. This temporal trend was generally evident in 1984 and 1985 
(Appendix B). 

In 1986 the age-1.0 smolt averaged 89.8 mm in length, 5.5 g in weight, and 
0.76 in condition (Table 2). The age-2.0 smolt averaged 98.0 mm in length, 
7.4 g in weight, and 0.79 in condition (Table 3). The age-1.0 and age-2.0 
smolt in 1986 were above average in length, weight, and condition than the 
smolt produced from the 1980-82 parent escapements which annually averaged 
400,000 fish. The improvement in smolt quality can be attributed to the 
size of the parent-year escapements which were 53,524 fish for age-1.0 fish 
and 158,340 fish for the age-2.0fish. The age-1.0 and age-2.0 smolt in 1986 
were smaller than the smolt produced from similar size pre-1980 
escapements. The reduction can be attributed to the stressed rearing 
conditions in Frazer Lake caused by the high escapements from 1980-82 
(Kyle, Koenings, and Barrett, in press). 

The 1986 sockeye salmon escapement into Frazer Lake was 126,529 fish (Table 
4). The majority (92.6%) of the escapement passed through the Frazer Lake 
fishpasses from 2 July through 19 July (weeks 27 -29) (Figure 4). The peak 
escapement occurred on 8 July (week 28) with 18,558 fish or 14.7% of the 
total season escapement migrating on that day. The median migration point 
(63,265 fish) was reached on 10 July (week 28). 

The 1986 Frazer Lake escapement of 126,529 sockeye salmon is 7.3% less than 
the 136,553 fish count at Dog Salmon Creek weir 7.5 miles below the Frazer 
Lake fishpasses. The discrepancy between the counts can be attributed to: 
(1) losses associated to bear predation; (2) fishpass induced mortalities; 
and (3) observer error at Dog Salmon weir. The primary factors are probably 
brown bear predation in the stream reach between the two counting sites and 
mortalities brought upon by fish striking the padded concrete abutment at 
the fi shpass entrance. 

In 1986 sockeye salmon averaged a travel time of 6.8 days between Dog 
Salmon weir and the Frazer Lake fishpass facility, a distance of 7.7 mi 
(Appendix C). This was nearly identical to the 1985 season when the average 
was 6.9 days (Manthey 1986). 

The 1986 Frazer Lake sockeye run was 178,205 fish. Of this amount 23% 
(41,652) was catch, while 77% (136,553 Dog Salmon weir count) was 
escapement (Table 5 and Appendix C.l). The 1986 run and catch levels were 
below average, and the escapement at the Frazer Lake fishpass (126,529) was 
a1 so 1 ower than average (Tab1 e 5). The 1 ower escapement should benefit the 
recovery of Frazer Lake as a nursery area which has been adversely impacted 
by the relatively high numbers of fry produced from escapements in the 
400,000 fish range (Kyle, Koeni ngs, and Barrett, in press). 



The major i ty  of t h e  escapement spawned along t h e  shoals  of Frazer  Lake and 
in Pinnel l  Creek during 1986 (Appeneix C.2).  The peak of spawning was in  
August on both t h e  l ake  shoals  and in t h e  i n l e t  s t reams.  Bear preda t ion  was 
s u b s t a n t i a l  on t h e  i n l e t  s t reams.  Of t h e  575 ca rcas ses  counted on 39 f o o t  
surveys of 12 i n l e t  streams a l l  were bear k i l l e d .  No q u a n t i f i a b l e  d a t a  was 
c o l l e c t e d  on t h e  impact of bear predat ion on shoal spawning f i s h .  However 
bears  gene ra l ly  have much lower impact on l ake  shoal spawners than on 
stream spawners by an o rde r  of severa l  magnitude (T.A. Chat to,  Kodiak 
National Wi ld l i f e  Refuge, Kodiak, personal communication). Approximately 8% 
(10,080 f i s h )  of t h e  1986 escapement through t h e  Frazer  f i s h p a s s  was l o s t  
t o  bear preda t ion  a t  Pinnel l  Creek assuming a bear k i l l  r a t e  of 10 f ish/day 
and 10,080 bear/days a t  Pinnel l  Creek (Table 6 ) .  The 1982-86 bear r e l a t e d  
m o r t a l i t y  of Pinnel l  Creek has averaged 5% of  t h e  escapement counted 
through t h e  f i  shpass .  

From 1965 t o  present  a general d e c l i n e  has occurred i n  t h e  percentage of 
t h e  escapement t h a t  spawns in  t h e  i n l e t  streams of Frazer  Lake, while a t  
t h e  same t ime t h e r e  has been a general increase  in  l a k e  shoal spawning 
(Figure 5 and Table 7 ) .  This t rend  should cont inue due t o  lower bear 
preda t ion  on shoal spawners and higher  egg- to- f ry  surv iva l  t h a t  r e s u l t s  
because shoals  gene ra l ly  bu f fe r  adverse weather re1 a ted  f a c t o r s  (e .g . ,  
scouring,  dewatering, f r eez ing )  b e t t e r  than s t reams.  The use of shoal a r eas  
by e a r l y  run sockeye salmon appears t o  be somewhat a typ ica l  a t  l e a s t  f o r  
t h e  Kodiak Archipelago and A1 aska Peninsula where except f o r  a segment of 
t h e  Karluk Lake and Buskin Lake e a r l y  run, e s s e n t i a l l y  a l l  o t h e r  e a r l y  run 
escapements spawn in  streams. This  divergence i n d i c a t e s  t h a t  t h e  Frazer  
s tock  may s t i l l  be co loniz ing  spawning h a b i t a t  and could even tua l ly  s p l i t  
i n t o  an e a r l y  and a l a t e  run population with t h e  e a r l y  run using t h e  i n l e t  
s t reams and t h e  l a t e  run occupying l ake  shoals  f o r  spawning. An advantage 
t o  t h i s  would be lower 1 i t t o r a l  a r ea  competit ion between s tream and shoal 
a r ea  produced young-of-the-year (age 0.0) f r y  through d i f f e r e n c e s  i n  
emergence t iming.  A t  Frazer Lake May and June a r e  c r i t i c a l  months f o r  f r y  
r ea r ing  due t o  low food a v a i l a b i l i t y  (G.B. Kyle, Alaska Department of Fish 
and Game, Soldotna,  personal communication). A 1 a t e  run escapement spawning 
on t h e  l ake  shoa l s ,  i f  s i m i l a r  t o  t h e  l a t e  s tock  of neighboring Karluk 
Lake, would produce emerging f r y  in  l a t e  June and e a r l y  J u l y  when r ea r ing  
cond i t i ons  a r e  more optimal than e a r l i e r  i n  t h e  yea r .  

Within t h e  Frazer  Lake system a l l  sockeye salmon spawning e s s e n t i a l l y  
occurs  i n  Linda Creek, Midway Creek, Stumble Creek, Pinnel l  Creek, and t h e  
l ake  shoa l s .  The combined peak counts  of t hese  a r eas  has represented  from 
10% t o  74% of t h e  escapement counted a t  t h e  f i s h p a s s  (Table 7 ) .  The 19-year 
average i s  32%. The peak counts  a r e  reasonably c o r r e l a t e d  with t h e  f i s h p a s s  
escapement counts  ( r 2  = 0.83).  Cousens e t  a l .  (1982) r e p o r t s  t h a t  a peak 
count does not  r ep re sen t  t o t a l  escapement o r  even a c o n s i s t e n t  por t ion  of 
t o t a l  escapement and i s ,  a t  b e s t ,  an escapement index. 

The 1986 escapement was 13.5% 4-year -o lds ,  5.7% 5 -yea r -o lds ,  and 79.6% 6- 
y e a r - o l d s  (Tables 8 and 9 ) .  Most of t h e  4-year-olds  were age 1 .2 ,  5-year-  
o lds  age 2 . 2 ,  and 6-year -o lds  age 2.3. Overa l l ,  ma1 e s  were 1 e s s  abundant 
than females by a 0 .6 : l  r a t i o  (Table 10 ) .  Only among ages 1.1 and 2.1 were 
males more abundant than females. The average male and female l eng ths  were 
546 mm and 538 mm, r e spec t ive ly  (Table 11) .  The average sockeye length  was 
541 mm. 



H i s t o r i c a l l y ,  t h e  escapements have averaged 22.4% f o r  4-year -o lds ,  55.1% 
f o r  5-year -o lds ,  and 20.8% f o r  6-year -o lds  (Table 9 ) .  The r e l a t i v e l y  l a r g e  
composition of 6-year -o lds  (79.6%) i n  1986 i s  a t t r i b u t a b l e  t o  t h e  near  
complete f a i l u r e  of  t h e  1981 brood yea r  t o  produce 5-year -o lds  o r  any o t h e r  
age f i s h  t o  d a t e  (Table 12) .  The r e t u r n  per  spawner r a t i o  f o r  t h e  1981 
brood-year escapement (485,835) i s  0 .1 : l  which i s  t h e  lowest  on record .  The 
1982 parent -year  escapement of 430,423 f i sh has produced re1 a t  i vely few 3 -  
and 4-year -o ld  f i s h  (Tables 8 and 10) .  The r e t u r n  per  spawner r a t i o  f o r  t h e  
1982 brood-year w i l l  probably be l e s s  than 1 .0 : l  un less  a r e l a t i v e l y  high 
number of 6-year-olds  r e t u r n  in  1987 which i s  un l ike ly  based on cohort  
r e t u r n s  t o  d a t e .  

In 1986, 127 chinook and 9 chum salmon passed through t h e  Frazer  Lake 
f i s h p a s s e s  (Table 4 ) .  Most (86%) of t h e  chinook migrat ion occurred between 
1 J u l y  and 21 J u l y .  The chum salmon passed through t h e  f i s h p a s s e s  between 8 
J u l y  and 8 August. 

The old f i shpasses  b u i l t  in  1962 was cons t ruc ted  with t h r e e  r e s t i n g  pools 
and t h e  new f i s h p a s s  b u i l t  i n  1979 was o u t f i t t e d  with a s i n g l e  r e s t i n g  
pool.  The new f i s h p a s s  has c o n s i s t e n t l y  performed poorly compared t o  t h e  
old f i s h p a s s  (B lacke t t  1987). The 1986 season was no except ion.  Both 
f i s h p a s s e s  rece ived  about t h e  same l eve l  of f i s h  use a t  t h e i r  en t rances  i n  
1986 y e t  t h e  o ld  f i s h p a s s  succes s fu l ly  passed fou r  t imes a s  many f i s h  a s  
t h e  new f i s h p a s s  (Appendix C ) .  

B lacke t t  (1987) sugges ts  t h a t  t h e  lower e f f i c i e n c y  of t h e  new f i s h p a s s  may 
be due i n  p a r t  t o  plywood chute ex tens ions  in  t h e  old f i s h p a s s  e n t r y  t h a t  
were not  i n  t h e  new f i s h p a s s  and s l i g h t  e l eva t ion  d i f f e r e n c e s  between t h e  
r e s p e c t i v e  f i s h p a s s  e x i t s  which allows more flow t o  e n t e r  t h e  o ld  f i s h p a s s .  
In 1985 chute  ex tens ions  were added t o  t h e  new f i s h p a s s  (R.F. B lacke t t ,  
Alaska Department of  Fish and Game, Kodiak, personal communication), and in  
1986 t h e  e l eva t ion  a t  t h e  new f i s h p a s s  e x i t  was lowered t o  match t h e  e x i t  
e l eva t ion  of t h e  o ld  f i s h p a s s .  Together t h e  changes made no marked 
improvement i n  salmon migrat ion through t h e  new f i s h p a s s .  The apparent  
problem with t h e  new f i s h p a s s  i s  t h a t  i t  does not have a s u f f i c i e n t  number 
of r e s t i n g  pools .  Because severe muscular a c t i v i t y  a s soc i a t ed  with swimming 
through r a p i d l y  flowing water can be s t r e s s f u l  even t o  t h e  po in t  of being 
l e t h a l  t o  salmon (Black 1958),  i t  i s  recommended t h a t  t h e  new f i s h p a s s  be 
c losed  except  f o r  t h e  t imes when t h e  design capac i ty  of t h e  old f i s h p a s s  
may be exceeded. The design capac i ty  of t h e  two f i shpasses  i s  above 40,000 
f i s h  per  day o r  2,50O/h over a 16 h work day (B lacke t t  1987).  I f  assumed 
f o r  s i m p l i c i t y  t h a t  both f i shpasses  a r e  equal ly  e f f i c i e n t  then t h e  old 
f i s h p a s s  can be operated s i n g l y  u n t i l  a 1,25O/h passage r a t e  i s  exceeded. 
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TABLES AND FIGURES 



T a b l e  1 .  Age c o m p o s i t i o n  o f  sockeye salmon s m o l t  sampled a t  t h e  F r a z e r  Lake 
f i s h p a s s e s  f r o m  1965 t h r o u g h  1986. 

N h r  Sanpl ed by Age Class Age C a p s i t i o n  
........................................ ................................. 

Year Escap. 0.0 1.0 2.0 3.0 Total 0.0 1.0 2.0 3.0 

346 13 1,057 0.Wo 66.Wo 
1,358 16 1,916 0.0% 28.3% 
680 62 1,938 0 . E  61.7% 
264 8 1,789 0.Wo 84.Wo 

- - - - - 
649 10 2,537 0.N 74.Wo 
334 6 470 0.Wo 27.7% 
22 O 474 0.0% 95.Wo 
74 0 120 0.Wo 38.Yo 

564 75 851 0.0% 24.9% 
949 4 1,319 0.0% 27.7% 
418 27 937 0.0% 52.5% 
403 0 788 0.0% 48.9% 
223 0 330 0.0% 32.4% 
371 0 831 0.0% 55.Wo 
90 0 439 0.m 79.5% 
68 0 318 0.Wo 78.6% 

248 15 327 0 . a  19.Wo 
495 1 519 0.0% 4.4% 
51 2 1,261 1.5% 94.Wo 
50 0 2,555 4.6% 93.5% 

1,438 1 1,525 0.1% 5.6"/0 
............................................. 

Mean 0.3% 52.1% 



Table 2 .  Length, weight,  and condi t ion  f a c t o r  of age 1.0 sockeye salmon 
smolt produced from t h e  1963 through 1986 escapements. 

Length Weight Condition Factor 1/ 

Sanple Mean Standard Sample Mean Standard Sanple Mean Standard 
Year Escap. Size (mn) Emr Size (g) Error Size (g) Error 



Table 3. Length, weight, and condition fac tor  of age 2.0 sockeye salmon 
smolt produced from the  1962 through 1986 escapements. 

Length Weight 

Escap . Sarqle Mean Standard Sarqle Mean Standard 
Year Escap. Size (mn) Error Size (g) Error 

Condition Factor 1/ 

Sarqle Mean Standard 
Size (g) Emr 



Tab1 e 4. Dai 1 y and cummul a t i v e  escapement counts  by species,  Frazer  Lake f i shpasses, 1986. 

Calendar Chinook Sockeve Pink Chum Coho 
Date Dai 1 v Cum. D a i l y  Cum. D a i l v  Cum. D a i l v  Cum. D a i l v  Cum. 





Table 5. Sockeye salmon catch and escapement f i g u r e s ,  
Dog Salmon Creek (Frazer  Lake d ra inage ) ,  
1956 through 1986. 

Numbers of Fish 

Year Escapement Catch Total 



n
 

O
u

)
 

4
 

a, - 
A

N
 

Y
c
n

 
U

-
4

 
0
 

CA 
n
 

a, 
b
 
'3
 

0
 

rd
 

E: 
L
 
-
7
 

a, 
rd 

n
 
L
 

E
W

 
7
 

s
 
a, 
Y

 
w

 
rd 

a
,-l 

C
,
 

rd 
L
 

.5 % 
I
 d

m
c

n
 

N
M

N
 

m
C

O
m

 
t
'
 

rd 
V

) 
L
 

W
L

L
 



Tab le  7. Peak sockeye salmon counts  o f  t h e  p r ima ry  spawning 
areas i n  t h e  F razer  Lake d ra inage  and t h e  pe rcen t  o f  
t h e  F razer  Lake escapement represen ted  by t h e  combined 
peak counts ,  1965-1986. 

Peak counts1 
.................................................... Total Total Peak 

Year Linda Mihay Stunbl e  Pi nnel 1  Frazer Lake Total s  Escapement Counts/Total 
Creek Creek Creek Creek shoals (fi shpass) Escapement 

l peak  coun ts  i n c l u d e  l i v e  and dead f i s h .  



Table  8. Age compos i t i on  o f  t h e  F r a z e r  Lake sockeye salmon escapement by s t a t i s t i c a l  week, 1986. 

S t a t i s t i c a l  Sample . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Age G r o u p - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Week S ize  1.1 1.2 2.1 1.3 2.2 2.3 3.2 3.3 T o t a l  

2 7 202 Percent  0.0 13.4 0.0 0.5 3.5 79.7 0.5 2.5 100.0 
Numbers 0 3,343 0 124 867 19,934 124 619 25,010 

S E 0 600 0 124 323 7 10 124 274 

2 8 190 Percent  0.0 10.0 0.5 2.1 3.7 82.1 0.0 1.6 100.0 
Numbers 0 5,815 306 1,224 2,142 47,743 0 918 58,148 

S E 0 1,269 306 607 797 1,621 0 527 

29 192 Percent  0.0 15.6 0.0 1 .O 5.2 77.1 1 . O  0.0 100.0 
Numbers 0 5,319 0 355 1,773 26,240 355 0 34,041 

I 
4 

S E 0 894 0 250 547 1,035 250 0 
CD 

I 30 197 Percent  0.0 24.4 0.0 0.5 8.1 67.0 0.0 0.0 100.0 
Numbers 0 1,939 0 4 0 646 5,332 0 0 7,958 

S E 0 244 0 4 0 155 267 0 0 

3 1 187 Percent  0.5 27.3 0.0 0.0 5.4 66.3 0.5 0.0 100.0 
Numbers 7 374 0 0 7 3 9 10 7 0 1,372 

S E 7 4 5 0 0 2 3 4 8 7 0 

T o t a l  7 16,790 306 1,743 5,501 100,159 486 1,537 126,529 
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Table 12.  Frazer Lake sockeye salmon r e t u r n  by age c l a s s  and escapement year ,  1962 through 1986. 

Return from Escapement by b e  Class 
Return Return 

Total Per Less 
Year Escap. 1.1 1.2 1.3 1.4 2.1 2.2 2.3 2.4 3.1 3.2 3.3 3.4 Returnspawner Escap. 



Figure  1. Map of Frazer Lake. 



Figure 2. Schematic of t h e  Frazer Lake fishpasses. 
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Figure 5 .  Sockeye salmon peak cants of Linda, Midway, and Stumble Creeks 
combined Pinnell Creek, and Frazer Lake shoals as a percentage of 
the total escapement counted at the Frazer Lake fishpasses, 1965-86. 



APPENDICES 



Appendix A. 1. 1986 s t a t i s t i c a l  weeks by ca lendar  days. 

STATISTICAL STATISTICAL 
WEEK CALENDAR DATES WEEK CALENDAR DATES 



Append i x  B . 1 .  Daily and cumulative downstream migrant f i s h  
catch by species in the  inc l ined plane t r a p  a t  
Frazer Lake f i shpasses ,  1986. 

Sockeye Chinook Coho Dully Warden Stickleback 
Julian Calenfjar - - - - - -  --------- - - - - - - -  --------- ----------- 
Day Day Daily Cum Daily Cum Daily Cum Daily CUB Daily Cum 



n d i x  6.1. D a i l y  and cumulat ive downstream m ig ran t  f i s h  
catch by species i n  t h e  i n c l i n e d  p lane  t r a p  a t  
Frazer  Lake f ishpasses,  1986 ( con t i nued ) .  

Sockeye Chinook Coho Do1 ly Varden Stickleback 

Julian calendar -------- ---------- ---------- ----------- ------------- 
Day Day Daily Cum Daily Cum Daily CUM Daily CUM Daily Cum 



Append i x  B . 2 .  Daily and cumulative downstream migrant f ish catch 
by species in the cement weir trap a t  Frazer Lake 
fishpasses, 1986. 

Sockeye Chinook Coho Do1 1 y Varden Stickleback Rainbow 

Julian Calendar - - - - - -  -------- __----- -------- ---------- -------- 
Day Day Daily Cum Daily CUM Daily Cum Daily Cum Daily Cum Daily Cum 



Append ix 8.2.  Daily and cumulative downstream migrant f ish catch 
by species in the cement weir trap a t  Frazer Lake 
fishpasses , 1986 (continued). 

Sockeye Chinook Coho Dolly Varden Stickleback Rainbow 
Julian Calendar -------- ------- - - - - - -  - - - - - -  ---------- --------- 
Day Day Daily Cum Daily Cum Daily Cum Daily Cua Daily Cum Daily Cum 



Rppendix B. 3. Length, weight, and condition factor of age 3. @ sockeye salmn smlt 
produced froas the 1961 through 1986 escapements. 

Length 

Escap. Sa~ple Hean Standard 
Year Escap. Size (mm) Error 

Sample kan Standard 
Size l g l  Error 

Condit ion Factor 
...................... 
Salaple Mean Standard 
Size (4) Ermr 





Appendix C . 1 .  D a i l y  (smoothed) escapement counts o f  sockeye salmon a t  t h e  Dog Salmon Creek 
w e i r ,  1986. 



1 

0.9 + Dog Salmon Creek w e i r  
0 Frazer  Lake f i shpasses  

0.8 
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Appendix C.2. Cumulat ive percentage o f  t he  sockeye salmon escapement by da te  a t  t h e  Dog Salmon 
Creek w e i r  and Frazer  Lake f ishpasses,  1986. 







dppendiv C.4. Sackeye salmon escapmt surveys of Frazer Lake and its inlet streams, 1986 (wntinued). 

--------M)UT&----------- ----------------STREW------- Btrcu 
St ream Stream Jul lan Calendar Observer --Survey-- -----Count----- Survey------ -----Count- T a p .  AElYIRKS 
Name Number Day Date Cond. Method Live Dead Total Cod. kthcd Distance Live Dead Total (Cl 

Stumble 2029 207 26-Jul Hastings Fair Boat 250 - 258 Fair Foot 112 mile 60 1 61 12.0 High water; all nortalities bear kills 
St~ble 2029. 216 04dug Hastings Fair Boat 90 - 90 Fair Foot 112 mile I40 41 181 12.5 High flw mnditiom; all mrtalities bear kills 
Stumble 2029 222 l0-Rug Hastings Fair Boat 50 - 50 Good Fwt 112 mile 36 62 98 12.0 No span, outs; all carcasses were bear kills 

Sumit 2013 287 26-Jul Hastings Fair Boat, 0 - 0 . Fair Fwt 1/16 mile 0 0 0 13.0Highwater 
Sunit 2013 216 04-dg Hastings Fair Boat 0 - 0 Fair Foot 1/16 mile 0 2 2 11.0 High flw conditions; all mrtalities bear kills 
Sumit 2013 222 .lBdug Hawtings Fair Boat . 0 - 0 k30d Fwt 1/16 mile 0 0 0 10.8 

Valarian - 207 26-Jul Hastings Fair Boat 20 - 20 Fair Fwt 114 ~ile 11 0 11 0.0 High water; all nortalities bear kills 
Valarian - 216 04dug Hastings Fair Boat 20 - 20 Poor Foot 114 mile 97 1 1  188 8.0 High flow mnditiom; all mortalities bear kills 
Valarian - 222 10dug Hastings Fair Boat 15 - 15 Fair Foot I14 mile 85 21 186 9.0 No spam outs; all carcasses were bear kills 
Valarian - 228 16dug hlloy Fair Aerial 58 - 50 Fair Aerial 1 mile 125 - 125 
Valarian - 231 19dug Hastings Fair Boat 100 - 100 God Foot 112 mile 168 2 162 - No spawn outs; all carcasses were bear kills 

Mite Crow - 207 26-Jul Hastings Fair Boat 25 - 23 Fair Foot 118 mile 0 0 0 5.0 High water 
Uhite Crou - 216 84-Rug Hastings Poor Boat - - 0 Good Fwt 118 mile 0 1 1 6.5 High flw conditiom; all mrtalities bear kills 
kite Crw - 222 l0dug Hastings Fair Boat 18 - 10 Good Fwt 118 mile 0 1 1 7.0 Carcass was bear killed 



Rppendix C. 5. Monitoring data on the number of sockeye salmon 
entering and exiting the old (1962) and new (1379) 
Frazer Lake fishpasses, 1986. 

...................................................................... 
ENTRRNCE 

WFITER ( #  of fish) 

----me----- ------------------- EXIT 
FISHPFISS DRTE TIME 1/ TEMP. C IN OUT TOTCJLIN ( # o f  fish) 

OLD 7/2 01600 9 174 1 1  163 252 

OLD 7/4 02100 9.5 92 1 QI 82 36 

OLD 7/4 02130 9.5 76 1 1  65 66 

OLD 7/5 02l00 8.5 2 / 242 

OLD 7/a 81330 a. 5 2 / 233 

OLD 7/13 01600 11.5 2 / 282 

NEW 7/2 01630 '3 150 8 142 18 

NEW 7/4 02130 9.5 118 55 55 20 

NEW 7/4 022B0 9.5 96 57 59 54 

NEW 7/5 021630 8.5 ;2/ 30 

NEW 7/8 01400 8.5 2 / 66 

NEW 7/13 01630 11.5 2 / 57 
...................................................................... 
1/  Military time. 

2 Too many fish jumping to get a cctunt at entrance. 



T.-:a!j;o the &;ia:b c-:3?;;;:7c.t 5; Yidh &me receive 
k(113131 fufiding, a'l c i  i ls i;!ibllc proyaas and activities 
iiri! operzted free from discri;ri'::a!ion cil the basis of race, 
Cc:or, natirina! oiigiil, aye, or haxlicap. Any person who 
beiieves he cr slla has been discrimina!ed agalnst should 
write to: 

O.E.O. 
U.S. Department of the Interior 
Washington, D.C. 20240 
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